Frequent interictal spikes are a common finding in the electroencephalograms of children with epileptic encephalopathies. While it is well recognized that interictal spikes are a biological marker of seizures and can lead to transitory cognitive impairment, whether interictal spikes can result in long-standing adverse effects on learning and memory in children is not known. Here we investigated the consequences of interictal spikes in rat pups without seizures on long-term learning and memory. Rat pups were given a low dose of flurothyl for 4 h for 10 days during continuous electroencephalographic monitoring. Rats developed interictal spikes without seizures while age-matched controls under similar testing conditions had few interictal spikes. When rats were tested as adults, there was impairment in reference memory in the probe test of the Morris water maze, reference memory impairment in the four-trial radial-arm water maze and impaired long-term potentiation. Early-life interictal spikes resulted in impaired new cell formation and decreased cell counts in the hippocampus but did not cause an increase in apoptosis. This study, for the first time demonstrates that interictal spikes in rat pups without seizures can result in long-standing spatial cognitive impairment. Our findings suggest that suppressing IIS may be as important as treating seizures during brain development.
Introduction
The epileptic encephalopathies consist of a group of epileptic conditions in which psychomotor deterioration appears to occur independently of the etiology of the seizures (Shields, 2000; Nabbout and Dulac, 2003) and these disorders constitute one of the most catastrophic conditions encountered in pediatric neurology (Holmes and Lenck-Santini, 2006; Galanopoulou and Moshe, 2009 ). The key concept of the epileptic encephalopathies is that the slowing or regression of development is primarily due to seizures, abnormal interictal spikes (IIS), or cortical dysrhythmia as reflected in the electroencephalogram (EEG), and not solely due to the underlying cause of the seizures (Nabbout and Dulac, 2003) . While it can be reasonably argued that all of the epilepsy syndromes have an underlying etiology that could lead to the cognitive impairment, the observation that children with epileptic encephalopathies who are successfully treated with medications or surgery can regain normal cognitive function is a demonstration that it is the seizures or abnormal EEG, or both, that are responsible for the cognitive impairment (Asarnow et al., 1997; Matsuzaka et al., 2001; Zupanc, 2003; Besag, 2004) .
Frequent and widespread IIS are a hallmark of the EEG features of the epileptic encephalopathies. IIS are transient (b70 ms), focal neural discharges seen on EEG recordings. They are a result of synchronous, paroxysmal depolarizations of neurons producing a rapid succession of action potentials (Matsumoto and AjmoneMarsan, 1964; Dichter and Spencer, 1968; Prince and Connors, 1986) . IIS are closely related to the seizure focus (Engel, 1984) and are one of the most important factors in the diagnosis of epilepsy (Blume, 2001) . It is also known that IIS can lead to transitory cognitive effects (Hutt et al., 1977; Aarts et al., 1984; Shewmon and Erwin, 1988a,b,c, 1989; Krauss et al., 1997) .
In addition to the transitory cognitive impairment, there is concern that IIS may contribute to long-standing cognitive impairment in children with epileptic encephalopathies (Holmes and Lenck-Santini, 2006). Activity-dependent mechanisms play an important role in brain development (Nelson et al., 1995; Moody and Bosma, 2005; Spitzer, 2006) and it possible that IIS through the nature of their aberrant electrical activity will interfere with critical activitydependent developmental processes. While there is evidence that focal IIS can interfere with cortical development in the visual cortex (Crabtree et al., 1981; Ostrach et al., 1984) , whether IIS during early brain development can cause long-standing cognitive impairment is not known.
In this study we wished to determine the consequences of IIS independent of behavioral and electroencephalographic seizures during early life on subsequent learning and development. We report here that IIS without seizures in rat pups have long-term adverse consequences on spatial cognition and synaptic plasticity. 
